By virtue of their ability to control the arthritis of acute rheumatic fever, the salicylates have received a well-recognized place in the treatment of the rheumatic infection. Maclagan1 of Duindee in 1874 commenced the use of salicin, a glucoside of salicylic acid. To Stricker2, however, working in Traube's clinic in 1876, is given the credit of having first recognized the value of sodium salicylate. Broadbent3 in the same year also wrote enthusiastically in favour of its use, and it is interesting to note that even at this time the value of the larger doses was appreciated, Broadbent recommending 71 to 20 grains hourly.
In 1908 Lees4 spoke of the salicylates as specific in the cure of rheumatism, believing that the failure to obtain good results was due to the smallness of the dose. He also emphasized the necessity of giving alkali in addition and, while recognizing that the tolerance of the patient was greatly enhanced by this procedure, stated that the alkali was of benefit because it neutralized the toxins elaborated by the infecting agent and because the bicarbonate per se tended to lessen the degree of cardiac dilatation. This idea of salicylate being 'as specific to rheumatism as quinine is to malaria or mercury to syphilis' was not wholly accepted even at that time, and at present the general view of the value of the salicylates in rheumatism would appear to be that they are specific only for the arthritis but have no influence on the other manifestations such as carditis, chorea, etc. Signs and symptoms of intolerance to salicylates are not infrequently observed, especially where the larger doses are given unaccompanied by alkali, and hence the use of alkali in equal or greater amounts than that of the salicylate employed has achieved a certain amount of popularity in the prevention of the toxic manifestations. In the writers' opinion, the value of the combination of salicylate and alkali would seem to have been definitely proved by routine clinical work. Nevertheless certain observers still deny the necessity of the use of alkali. In a comprehensive monograph on the salicylates written in 1924, Hanzlik5 categorically asserts that alkalis do not prevent or modify the appearance of toxic symptoms, and that the absence of toxic symptoms means absence of therapeutic efficiency. He quotes Meara6 as stating that the use of alkali ' is directed more by tradition than rationale,' but Meara was discussing the alkali treatment of rheumatism rather than the beneficial effect of the ftddition of alkali to sodium salicylate.
7ARCHIVES OF DISEASE IN CHILDHOOD.
At the Royal Hospital for Sick Children, Glasgow, it has been the custom to give sodium salicylate combined with twice the amount of sodium bicarbonate to every rheumatic patient during residence in hospital. The Clinical observations of the value of the added alkali. A logical method of testing the value of the added sodium bicarbonate seemed to be to give certain patients salicylate alone and observe the ill-effects, if any, produced; then to add bicarbonate and note anyv diminution or alleviation of the toxic manifestations. It was soon found that 60 grains daily was the maximum amount which, without the addition of alkali, could be tolerated by the average child without toxic signs appearing. 050 grains daily in no case produced any ill effects, but 60 grains not infrequently produced slight vomiting which was not always attributable to constipation (Table 1) .
If the daily amount was increased to 90 grains, signs of intolerance were invariably produced in 3 to 5 days, and in some cases these were of a severe and alarming nature. Vomiting was a constant and early sign and usually preceded all other manifestations of salicylism. Drow-siness and confused mental states or mental torpor occurred in some. Many became apathetic and disinterested, the speech in one instance was thick and slurring. Air-hunger of greater or less severity, but not necessarily in proportion to the other signs, occurred in all cases and sometimes to a marked degree ; this was the typical acyanotic dyspncea which is known to be associated with an acidosis of the acid-poisoning type. Acetonuria was present in the majority of the cases, but was never extreme and in a few cases was entirely absent. Tinnitus, strangely enough, was not troublesome and in the present investigation was not complained of by any of the patients. This manifestation, however, has occasionally proved troublesome in some patients receiving both sodium salicylate and sodium bicarbonate in the routine way. All the above signs and symptoms disappeared rapidly on discontinuing the salicylate, or on the addition of twice the amount of bicarbonate.
It is an interesting and practical observation that in those cases to whom salicylate and bicarbonate had been previouisly given, the sigis of poisoning on omitting the alkali either did not develop, or if they did were not as severe as in those to whom no alkali had previously been given. From Table 2 it will be seen that of the 9 patients to whom sodium salicylate and sodium bicarbonate had previously been given, 4 Response to glucose and alkali. It has been stated by Hanzlik5 that the symptoms of salicyl poisoning resemble those occurring in diabetic acidosis. He quoted references to states of ketosis occurring in poisoning from methyl salicylate and mentioned the observation of Hurtley and Trevan'°on the similarity of the symptoms produced by intravenous administration of salicylate and sodium aceto-acetate. He brought forward the fact that salicyl gives a similar colour reaction with iron as does aceto-acetate as suggestive of the common cause of both types of intoxication.
It is true that occasionally acetone appears in the urine during administration of salicylate, but even in severe cases of poisoning it is by no means a constant constituent of the urine, and when present, it is rarely in greater amount than is indicated by a mild Rothera reaction. It may be urged that the impaired function is the caulse of its non-appearance in quantity in the urine. The work of Myers and Ferguson" indicates quite clearly that both If there is any basis for the suggestion that ketone bodies play a part in the production of the symptoms of salicyl intoxication one would expect that the administration of glucose would have an inhibitory effect. In Fig. 2 is shown the effect of this on the blood C02 content. Each patient was given 50 grammes of glucose daily for a period of about 6 days; thereafter sodium salicylate was administered in 15 grain doses six times daily while the glucose was continued. In each instance symptoms developed and the total C02 content of the blood fell just as quickly in those cases where no glucose or bicarbonate had been given previously or simultaneously. This chart also illustrates the variability of the acetonuria which was absent in two of the three cases. As the giving of glucose exerts not the slightest beneficial effect, it seems justifiable to infer that the symptoms are not necessarily associated with incomplete fat oxidation. In the mineral acid poisoning type of acidosis, such as one sees after the administration of HCI or acid-producing salts (CaCl2 and NH4Cl), glucose has no influence in preventing or lessening the symptoms. One is inclined to deduce from the results of these investigations a similarity between the nature of salicylate acidosis and that caused by such a substance as calcium chloride.
It has already been shown that the combination of sodium bicarbonate with the salicylate is effectual in lessening the impairment of renal function and in the great majority of patients preventing the onset of symptoms. Fig. 2 (C) shows that the addition of sodium bicarbonate in 30 grain (2 gramme) doses to salicylate on the sixth day resulted in a rapid return of the blood C02 to normal and a disappearance of symptoms. This also is very similar to what occurs in the alkali treatment of CaCl2 over-dosage.
The excretion of salicylate.-In searching for the reason why the sodium bicarbonate is effectual in the prevention of the signs and symptoms of salicylate poisoning, the question of the rate of excretion of the drug with and without the addition of sodium bicarbonate naturally arises. The urine from periods II and III of the three children on metabolism was analysed quantitatively for salicylic acid. The ftces were also examined in one case but a negligible amount was found. These results are given in Table 6 . The giving of the alkali increased the excretion of salicylic acid by the urine two or four fold, and it seems impossible to avoid the conclusion that this increas-ld rate of excretion is a potent factor in the beneficial effects of the alkali.
The amount of sodium salicylate in the blood of these three cases at the end of a night's fasting was estimated once during each period (Table 6 ). Free salicylic acid was never found except in traces, the drug always being present as the salt. The addition of the alkali also increased the salicylate content of the blood two to four times. The increase in the blood and the increased rate of excretion, however, do not necessarily go parallel. In the case of S. the blood salicylate content was increased seven fold in the third period, but the rate of excretion was only doubled. This observation, however, is not of great ARCI-1VES OF DISEASE IN CHILDHOOD significance since the blood estimations were not done more than once and consequently the variations are not known, but it might be taken as suggesting that there are other factors, for example, kidney damage, as well as the ' head' of salicylate influencing the rate of excretion. Hanzlik's12,3 findings are contrary to ours. He was unable to demonstrate any difference in the duration or rate of excretion by the addition of alkali. Fleischer14, however, stated that sodium bicarbonate shortens the period of elimination from 36 to 14 hours, and Ehrmann'5 obtained similar results. Discussion.
The question of the production of an acidosis in the poisoning by salicylate can, we believe, be answered in the affirmative. The clinical picture, the behaviour of the CO2 content, and the response to alkali, point very convincingly to this. The fact that renal function is impaired seems also quite definite and this is, in our opinion, the explanation of the reduced ammonia coefficient, since it is well recognized that the kidneys are the site of the formation of ammonia.
If there is an acidosis the question arises as to the nature of thPe excess acid. Although in this investigation the salicylate was always given as a neutral salt one naturally turns to the salicylic ion as a possible cause. The fact that this acid is present in the blood in greater abundance in the alkali period, in spite of the absence of symptoms, is itself strong evidence against it being the excess acid. Further, the amount found to be present during the low CO2 period is quite insufficient to compensate as a base-holding substance for the deficit in CO2. The maximum amount of salicylic acid which we found in the blood during the presence of toxic symptoms amounted to 13 mgrm. THlE VAIJUE OF ALKALI IN SALICYLATE THE1RAPY per cent., which is equivalent to 0*00094 mol. per litre. This amount would only account for a diminution in the CO2 of 2-1 vol. per cent., whereas the fall in CO2 amounted to more than 20 vol. per ceint. It is clear therefore that the fall in CO2 is not merely the result of its replacement by salicylic acid.
The other alterniative is the presence of an excess of acid produced as a result of disordered katabolism. AModerate increase of lactic acid has been observed in cats and rabbits after intravenous administration of salicylate preparations. Johnston16 who noted this could not correlate the lactate increase with the change in the alkaline reserve. There is strong evidence, however, of abnormal protein katabolism with the resultant production of acid nitrogenous substances. Unfortunately the partition of nitrogen in the urine was not studied, but it is clear from the figures presenited that urea forms in two of the three subjects a much smaller proportion of the urinary nitrogen durinig the period when salicylate alone was given than in either of the other two periods. This cannot be explained by an increased formation of ammonia which was decreased in amount, absolutely as well as relatively. One possible explanation would be that owsing to the action of the salicylic ion the process of de-aminizationi is inhibited, wvith a resultant increase of amino-acids in the blood. If to this is added the effects of impaired renal function, it might explain the excess acid accumulation leading to dyspnoea and a low CO2 content of the blood.
It is more than likely, too, that all the toxic symptoms and signs are not due to the presence of an acidosis. The delirium, speech disturbances, apathy and lassitude might quite well be the direct result of the salicylate itself or some of the compounds formed with it. Indeed, it seems more than probable that salicylate disturbs the metabolism of all the tissues just as has been demonstrated in the case of liver and kidney. Accordingly the nervous phenomena described can be more justifiably attributed to a direct action on nervous tissue than to the effects of acidosis. Both the acidosis and the manifestations of nervous involvement are concomitant phenomena, and it would appear that the extent to which the CO2 is lowered is a very good index of the degree of general disturbance of the tissu's.
Whatever may be the immediate cause of the toxic symptoms it is beyond dispute that administration of alkali effectively prevenits in the vast majority of individuals the onset of clinical symptoms or chemical changes of poisoning. The alkali undoubtedly accelerates the excretion of salicylate and so prevents its accumuilation in the tissues. This would to a great extent explain its action in preventing signs of toxaemia. It would appear from the results shown that the functional activity of the kidney is restored to normal by the addition of sodium bicarbonate to the salicylate. Whether this is the sole action or not, one cannot say. It may in some way protect the tissues but conclusive evidence of this is lacking. At any rate the administration of sodium bicarbonate along with the salicylate is essential. Toxic manifestations are avoided and large doses of salicylate can be given with safety. Further, the alkali permits of a muich greater concentration of salicylate in the blood, which presumably is of advantage in promoting the therapeutic effect. 
